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A SEPARATOR 

FIELD OF THE INVENTION 

The present invention relates to a separator for separating particles from a fluid. 

5 

BACKGROUND 

In many marine craft, a propeller at the end of a drive shaft extends away from the craft's 
stern by out rigging via a bearing. The bearing is usually cooled and lubricated by water 
flowing through channels or grooves which extend through the bearing. When the marine 
10 vessel passes through water where sand or grit has been disturbed, the sand/grit particles 
can find their way into the lubricating grooves of the bearing. These particles are highly 
abrasive to the bearing, and result in the bearing quickly becoming worn. 

There is therefore a need to miiiirnise the amount of sand or other abrasive particles from 
1 5 entering the lubricating grooves of the bearing. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a separator for separating particles 
entrained in a fluid. 

20 

In accordance with a first aspect of the present invention there is provided a separator for 
separating particles entrained in a fluid, said separator including: 

a sleeve adapted to be mounted over a rotatable shaft for forming a cavity 

therebetween; 
25 an inlet to the cavity; 

an outlet to the cavity opposite the inlet; and 

means for imparting a centrifugal force on fluid within the cavity, said 
means operatively connected to the shaft so that, in use, spinning of the shaft creates the 
centrifugal force, 

30 wherein, in use, a slurry of fluid and particles enters the cavity through the inlet, the 
particles are caused to separate from the fluid by action of the centrifugal force, the 
separated particles and fluid leave the cavity via the outlet with the particles tending to be 
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closer to the sleeve than the shaft. 

Preferably, the cavity increases in cross-sectional area along its length from the inlet 
towards the outlet. 

5 

In a first embodiment, the sleeve is frustoconical in shape with the narrow end of the cone 
at the inlet and the wide end at the outlet, whereby the size of the cavity increases along its 
length from the inlet to the outlet, which causes the movement of the slurry through the 
cavity to slow the further it progresses along the length of the separator, thereby increasing 
10 the centrifugal action on the fluid as it moves along the length of the separator. 

In the first embodiment, the means for imparting a centrifugal force is in the form of one 
or more paddles projecting from the shaft into the cavity, the paddles causing the fluid to 
rotate about the longitudinal axis of the shaft as the shaft spins. 

15 

In a second embodiment, the cavity is of a helical shape. The helix shaped cavity, acting 
as said means so that as it is rotated, the centrifugal force is imparted on the fluid in the 
cavity. Preferably, the helical shape assists in moving fluid through the cavity from the 
inlet to the outlet. More preferably, there is a plurality of helical shaped cavities. 
20 Preferably, there is provided a first raceway between the inlet and the helical cavities. 

Preferably, the inlet is of a smaller area than the outlet and thereby limiting the amount of 
fluid that enters the cavity. 

25 Preferably, the outlet includes a parting means arranged to portion an inner layer of fluid 
substantially devoid of the particles from an outer layer of the fluid carrying the particles. 
More preferably, the parting means is in the form of a blade closely encircling the shaft. 
Preferably, the outlet includes a chamber at the outlet end of the cavity between the sleeve 
and the shaft, the chamber arranged to receive a parting means for portioning an inner 

30 layer of fluid substantially devoid of the particles from an outer layer of fluid carrying the 
particles. 
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Figure 3 is a cross sectional side view of another embodiment of a separator in 

accordance with the present invention; 
Figure 4 is a cross sectional side view of yet another embodiment of a separator in 

accordance with the present invention; 
5 Figure 5 is a cross sectional side view of the separator of Figure 4; 

Figure 6A is a complete cross sectional end view of the separator as would bee seen from 

the section Y-Y of Figure 5; 
Figure 6B is a complete cross sectional end view of the separator as would bee seen from 

the section Z-Z of Figure 5; 
1 0 Figure 7 is a cross sectional side view of a bladed portion of a collector of Figure 5 ; 

Figure 8A is a complete cross sectional end view of the collector as would be seen from 

the section S-S of Figure 7; 
Figure 8B is a complete cross sectional end view of the collector as would be seen from 

the section T-T of Figure 5; 
15 Figure 9 is a cross sectional side view of another embodiment of a collector in 

accordance with the present invention; 
Figure 1 OA is a cross sectional side view of a bladed portion of the collector of Figure 9; 
Figure 1 OB is a cross sectional side view of a clean fluid exit portion of the collector of 

Figure 9; and 

20 Figure 11 is a cross sectional side view of a bearing with a rear blade in accordance with 
the present invention, 

Referring to Figure 1, there is provided a separator 10A which includes a sleeve 12. The 
sleeve 12 is fixed to a propeller shaft 34. An outer wall of the sleeve 12 defines a cavity 

25 18 between the outer wall and the shaft 34. The cavity has an inlet 14 at one end and an 
outlet 16 at another end. The outer wall is of a frustroconical shape with the narrow end of 
the cone at the inlet 14 and the wide end at the outlet 16. The inlet 14 is of less area than 
the outlet 16. The inlet 14 is of a size to allow a desired amount of a slurry of water and 
particles to enter the cavity 18. The outlet 16 is of a size so that separated sand particles 

30 may be layered circumferentially on the separated water so that the separated water is 
adjacent a lubricating groove entry 3 1 of a propeller shaft bearing 30. 



WO 00/56420 



PCT/AUOO/00248 



5 

The separator is spaced a short distant before a bearing 30 on the shaft 34. The distance 
may be, for example, about 1 mm. The spacing allows the sand particles to be laterally 
ejected from the outlet 16 as indicated by B. 

5 Referring to Figure 2, the separator 10A includes one or more paddles or veins 20 that 
project from the shaft 34. The veins may also allow the sleeve 12 to be fixed to the shaft 
34 by, for example, receiving grub screws 38. In this example, there are three veins, 
however any suitable number of veins may be used. 

Referring to Figure 3, this embodiment of the separator 10B includes a cylindrical sleeve 
12 fixed to the propeller shaft 34. In this case the cavity 18 is in the form of at least one 
helix shaped channel 52. More that one channel may be used, such as three or four, but 
only one is shown in the diagram for convenience. The inlet 14 is in the form of a 
raceway having an inwardly directed projection 50. Only a small gap is provided between 
the projection 50 and the shaft 34. This is to limit the size of the particles entering the 
separator 10 and to limit the intake of fluid. The raceway may be detachable from the rest 
of the separator. After the gap, there is a circular cavity 51 that allows the fluid to flow 
freely before entry into the channel 52. The channel 52 widens slightly along its length so 
that there is minimal risk of particles becoming stuck in the channel and so that the flow 
rate of the fluid decreases. For convenience, the widening in the channel is not shown in 
the diagram. 

An overhanging extension 20 of the sleeve 12 provides an outlet chamber 17 which forms 
part of the outlet 16. Within the outlet chamber 17 there is provided a collector 40 in the 
25 form of a blade 54 that surrounds the shaft 34 to portion the separated "clean" fluid from 
fluid still carrying the particles. In this application only a small amount of fluid is required 
to lubricate the bearing 30, therefore only a small amount of clearance is required between 
the blade 54 and the shaft 34. However this may vary for other applications. The 
partitioning of the outlet 16 by the collector 40 provides a means of "peeling" off the 
30 inside "clean" fluid which exits the separator through a clean fluid exit 24 of the outlet 1 6. 
Meanwhile the remaining fluid and particles are ejected out of a particle ejection slit 19 of 
the outlet 16. 



15 
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Referring to Figure 4, in this embodiment of the separator 10C, the sleeve 12 is shorter in 
length than in the embodiment of Figure 3 and has three channels 52. The extension 20 is 
longer to accommodate a more sophisticated form of the collector 40. The shaft 34 is 
5 shown in phantom. In this embodiment, the collector 40 is longer and includes a plurality 
of grooves 72. 

Figure 5 shows the separator 10C without the collector 40. At the front 11 of the separator 
the sleeve 12 is chamfered (at 13) to assist in streamlining. Figures 6A and 6B show the 
10 height of the three channels 52 increase along the length of the sleeve 12 so that the area of 
the channels 52 correspondingly increase along the length of the sleeve 12. 

Figure 7 shows the collector 40 of Figure 5 in isolation. The grooves 72 extend from the 
edge 68 of the blade 54 to a raceway 74. The raceway 74 distributes "clean" fluid that has 
15 passed through the grooves 72 so that it may enter the bearing which fits within a collar 
section 76. The collar section 76 is fixed to the bearing 32 by a grub screw 80. 

The collector 40 is fixed to the bearing 32 and thus does not spin with the shaft 34 and 
sleeve 12. The orbiting fluid is more easily scooped when the direction of rotation of the 

20 helical shaped grooves 72 are opposite to the direction of rotation of the channels 52. 
Where the blade 54 narrows to a thickness equal to the height of the grooves 72. The 
grooves 72 create gaps in the blade 54. The parts of blade between the gaps are finger- 
like. These fingers further assist in scooping the "clean" fluid into the grooves 72. A 
curved surface 62 of the blade 54 extending away from the blade edge 68 parts the 

25 particles from the "clean" fluid. 

Due to the shaft 34 spinning inside the collector 40, adequate clearance 73 is required 
between the inner surface of the collector 40 and the shaft 34. It is however, envisaged 
that in some applications the collector 40 may be fixed to the shaft 34 rather than the 
30 bearing 30. In this case, the grooves 72 are preferably in the same direction as the 
channels 52. 
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Figures 8A and 8B show the grooves 72 extending through the collector 40 between the 
edge 68 and the raceway 74. The clearance 73 between the shaft 34 and inner surface of 
the collector 40 can be clearly seen. 

5 Figure 9 shows an alternative form of the collector 40A which includes a bladed portion 
44 and a clean fluid exit portion 44. These are shown coupled together. 

Figure 10A shows the bladed portion 44, which includes the blade 54 that encircles the 
shaft 34 by a narrow gap 73. The bladed portion 44 also includes a step 45 for connecting 
10 to the clean fluid portion 46. An outer surface 63 of the step extends from the curved 
surface 62. 

Figure 10B shows the clean fluid exit portion 46, which includes the plurality of grooves 
72 that extend from a front 60 of the portion 46 to the raceway 74. The grooves 72 are 
15 helical in shape so as to sweep the fluid therethrough. Alternatively they may be straight 
and parallel with the shaft 34. 

Figure 1 1 shows the bearing 30 with a rear blade 90. There is a raceway 92 that allows 
fluid that has passed through the lubricating channels 32 to collect and then exit the 
20 bearing as shown by D. The rear blade 90 is useful when the shaft is spinning in reverse. 
Due to the narrow opening between the blade and the shaft 34, it will act as a simple sieve 
discouraging particles to travel the wrong way into lubricating grooves 32. 

The method of use and operation of the present invention will now be described with 
25 reference to the accompanying drawings. 

A marine craft is propelled forward by propeller 36 mounted on the propeller drive shaft 
34. In the first embodiment, the forward motion causes a slurry of water and sand and 
possibly other particles to enter the inlet 14 as shown by arrows A. In the second 
30 embodiment the helical shape of the channel draws the water and particles into the inlet 
14. Large particles are prevented from entering the raceway by the projection 50. 
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When the slurry of water and particles enters the cavity 1 8 either the veins 20 or the helical 
shaped channels cause the slurry to spin with the rotation of the shaft 34. The slurry 
continues to move along the length of the separator 10 either by forward motion, venturi 
effect described below or the helical shape. As the slurry moves along the length of the 
5 separator the widening of the cavity presents an increasing area to the slurry. This causes 
the flow of the slurry to slow. At the same time, the slurry is orbiting the shaft. Due to the 
orbiting motion, a centrifugal force acts upon the particles causing them to move closer to 
the sleeve than the water. This may be more pronounced in the second embodiment where 
the length of the cavity 18 is greater than the distance between the inlet and the outlet due 
10 to its helical shape. 

The particles move along the inside surface of the sleeve until they reach the outlet 16. 
Movement of the sand particles may be assisted by the sloping of the inside of the sleeve. 
In the second and third embodiments, the blade 54 provides a physical partition between 

1 5 the inner "clean" water and the outer slurry. The particles are ejected from the separator as 
shown by arrow B. Some of the separated clean water may enter the lubricating grooves 
32 of the bearing 30 at C. The remainder of the water will also exit the separator with the 
sand at B. The ejection of the particles and water may cause a venturi effect which causes 
the slurry to be sucked into and through the cavity 1 8. Once the water entering the bearing 

20 has passed through the bearing grooves 32 it exits at D. 

The bearing may be provided with a collector 40 in the form of a projection 42 that 
projects a short distance into the separator as shown in figure 1. This is thought to assist in 
the uptake of the separated water into the bearing and also assist in the ejection of the sand 
25 particles and corresponding venturi effect. The collector 40 also acts as a partition. The 
blade 54 in figure 3 may be considered a more somewhat sophisticated form of this. The 
collector in the third embodiment is an even more sophisticated form of partition. 

An escape passage between the collector 40 and the extension 20 leads from the outlet 
30 chamber 17 to the ejection slit 19. Within the escape passage there is a turbulence means 
in the form of a series of cirumferencial grooves 66 in the outer surface of collector 40. 
These grooves 66 create turbulence in the slurry of particles and remaining fluid. The 
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turbulence slows down the slurry flow so that the venturi effect of the ejected particles 
does not create a suction strong enough to draw fluid in through the bearing 34. In 
addition, the turbulence reduces the possibility of particles becoming trapped. After the 
grooves 66 is an exit chute 64 that opens to the exterior of the separator 10C and forms the 
5 ejection slit 19. 

It will be clear to those skilled in the art that the present invention has at least the 
advantage of reducing the occurrence of sand entering the lubricating grooves of the 
bearing, thereby reducing the wear on the bearing. 

10 

Modifications and variations will be apparent to those skilled in the art, such as the 
number of veins, the length of each vein or the number of helical channels may vary; the 
length of the separator may vary provided that the slurry is caused to orbit the shaft and 
thus introduce the centrifugal separating effect on the sand particles or the form and 

15 complexity of portion may also vary. It is envisaged that the separator may find 
application other than for minimising the amount of abrasive particles entering the 
lubricating grooves of a propeller shaft bearing. Such other applications may require 
further modifications. Such modifications and variations are intended to be within the 
scope of the present invention, the nature of which is to be determined from the foregoing 

20 description. 
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Preferably, the sleeve is arranged to rotate about its axis relative to the parting means. 

Preferably, the outer layer is ejected from a first exit of the outlet. Preferably, the parting 
means includes a turbulence means for slowing the exit of the fluid carrying the particles 
5 from the outlet. 

Preferably, the parting means is arranged to be fixed to a bearing. 

Preferably, the parting means includes a scoop means for scooping the inner layer of fluid 
1 0 away from the blade to a second exit of the outlet. 

Preferably, the scoop means is in the form of a plurality of curved channels. Preferably, 
the scoop means is provided with a second raceway between the curved channels and the 
second exit. 

15 

According to a second aspect of the present invention, there is provided a separator and 
parting means combination, the separating means as defined above and the parting means 
is arranged to partition an inner layer of fluid substantially devoid at particles from an 
outer layer of fluid carrying the particles. 

20 

According to a third aspect of the present invention, there is provided a separator, parting 
means and a bearing combination, the separator and parting means as defined above, the 
bearing arranged to receive the inner layer of fluid from the parting means. 

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In order to provide a better understanding, preferred embodiments of the present invention 
will now be described in detail, by way of example only, with reference to the 
accompanying diagrams in which: 

Figure 1 is a cross sectional side view of a separator in accordance with the present 
30 invention; 

Figure 2 is a complete cross sectional end view of the separator as would be seen from 
the section X-X of Figure 1; 
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CLAIMS 



The claims defining the invention are as follows: 

1 . A separator for separating particles entrained in a fluid, said separator including: 

5 a sleeve adapted to be mounted over a rotatable shaft for forming a cavity 

therebetween; 

an inlet to the cavity; 

an outlet to the cavity opposite the inlet; and 

means for imparting a centrifugal force on fluid within the cavity, said means 
10 operatively connected to the shaft so that, in use, spinning of the shaft creates the 
centrifugal force, 

wherein, in use, a slurry of fluid and particles enters the cavity through the inlet, the 
particles are caused to separate from the fluid by action of the centrifugal force, the 
separated particles and fluid leave the cavity via the outlet with the particles tending to be 
1 5 closer to the sleeve than the shaft. 

2. A separator according to claim 1, wherein the cavity increases in cross-sectional area 
along its length from the inlet towards the outlet. 

20 3. A separator according to claim 1, wherein the sleeve is frustoconical in shape with 
the narrow end of the cone at the inlet and a wide end at the outlet, whereby the size of the 
cavity increases along its length from the inlet to the outlet. 

4. A separator according to claim 1, wherein said means is in the form of one or more 
25 paddles projecting from the shaft into the cavity. 

5. A separator according to claim 1, wherein the inlet is of a smaller area than the 
outlet. 

30 6. A separator according to claim 1, where in the cavity is of a helical shape. 



7. 
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said means for imparting centrifugal force. 

8. A separator according to claim 1, wherein the outlet includes a chamber at the end 
outlet of the cavity between the sleeve and the shaft, the chamber arranged to receive a 

5 parting means for portioning an inner layer of fluid substantially devoid of the particles 
from an outer layer of fluid carrying the particles. . 

9. A separator according to claim 1, wherein said outlet includes a parting means 
arranged to portion an inner layer of fluid substantially devoid of the particles from an 

1 0 outer layer of the fluid carrying the particles. 

1 0. A separator according to claim 9, wherein the parting means is in the form of a blade 
closely encircling the shaft. 

15 11. A separator according to claim 9, wherein the sleeve is arranged to rotate about its 
axis relative to the parting means. 

12. A separator according to claim 9, wherein the outer layer is ejected from a first exit 
of the outlet 

20 

13. A separator according to claim 1 2, wherein the first exit includes a turbulence means 
for slowing the exit of fluid carrying particles from the first exit. 

14. A separator according to claim 9, wherein the parting means includes a scoop for 
25 scooping the inner layer of fluid away from an edge of the blade to a second exit of the 

outlet. 

15. A separator according to claim 14, wherein the scoop is in the form of a plurality of 
channels in the parting means. 

30 

16. A separator according to claim 6, wherein a first raceway is provided between the 
inlet and the helical cavity. 
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17. A separator according to claim 15, wherein a second raceway is provided between 
the channels in the parting means and the second exit. 

5 18. A separator and parting means combination, the separator as defined in claim 1, 
wherein the parting means parts an inner layer of. fluid substantially devoid of particles 
from an outer layer of fluid carrying particles. 

19. A separator and bearing combination, the separator as defined in claim 1, the 
10 bearing arranged to receive fluid substantially devoid of particles from close to the shaft 

from the outlet of the separator. 

20. A separator, parting means and a bearing combination, the separator and parting 
means as defined in claim 18, the bearing arranged to receive the inner layer of fluid from 

1 5 the parting means. 

21. A separator, parting means and a bearing combination according to claim 19, 
wherein the bearing is provided with a sieve means on an opposite side of the bearing to 
the separator. 
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United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
yjjiventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
.claimed. 



PRIOR FOREIGN/PCT APPLICATJON(S) AND ANY PRIORITY CLAIMS UNDER 35 USC §119 


APPLICATION NO. 


COUNTRY 


DAY/MONTH/YEAR FILED 


PRIORITY CLAIMED 


PP 9419 


Australia 


24 March 1999 


Yes 


PQ9419 


Australia 


26 November 1999 


Yes 



- i hereby claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional application(s) listed below. 



PROVISIONAL APPLICATION(S) UNDER 35 U.S.C. §1 1 9(e) 


APPLICATION NUMBER 


FILING DATE 







I hereby claim the benefit under 35 U.S.C. §120 of any United States application, or §365(c) of any PCT International 
application designating the United States, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. §112. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR §1.56 which 
became available between the filing date of the prior application and the national or PCT International filing date of this 
application. 



PRIOR U.S./PCT INTERNATIONAL APPLICATION(S) DESIGNATED FOR BENEFIT UNDER 35 U.S.C. §120 


APPLICATION NO. 


FILING DATE 


STATUS — PATENTED, PENDING, ABANDONED 









11 3272.00 103/35270226vl 



Declaration for Patent Application (Continuedl 

I hereby appoint the following attomey(s) and/or agent(s) to prosecute this application and to transact all business in the 
Patent and Trademark Office connected herewith: Herbert Cohen, Reg. No^25J09; Victor M. Wigman, Reg. No. 25,201, 
George C. Myers, Jr., Reg. No. 27.040: Donald R. Greene, Reg. No. 22J70L Michael C. Greenbaum, Reg. No. mSM. 
Charles R Wolfe Jr Reg No^,68JX Michael D. White, Reg. No. 32,795; David J. Edmondson, Reg. No. 35,126; 
Denise C. Lane, Reg. No. 42 J 780^Peter Weissman, Reg. No : _40 1 220^. and Rafael Perez, Reg. No. 46,041. 

Correspondence Address: 

BLANK ROME COMISKY & MCCAULEY, LLP___ 

TjTe_ Farragut Building 

Suite 1000 
900 17 th Street, NW 
Washington, DC 200 06' ~ 
TEL (202) 530^7400~ — " 
FAX (202) 463-6915 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent 



Full Name of eole or first inventor (given name, tamlly name) 

Richard Caulfield _ — 


Signature * ■ 


Data 






72 SateTKi^^^d^Bag^^Westem Australia 6164 








Post Office Address 


Full Name of additional joint inventor (given name, famliy name) 


Signature 




j Resldenoe 


Citizenship 


Fosi'Offieas Address 










Fun Nameof additional joint inventor (given name, Tamity name) 


Signature 


Date 


KBsidance 


Citizenship 


Post Office Address 











1 13272.00 101/55270226*1 



